Metabolic engineering of ketocarotenoid biosynthesis in higher plants.
Ketocarotenoids such as astaxanthin and canthaxanthin have important applications in the nutraceutical, cosmetic, food and feed industries. Astaxanthin is derived from beta-carotene by 3-hydroxylation and 4-ketolation at both ionone end groups. These reactions are catalyzed by beta-carotene hydroxylase and beta-carotene ketolase, respectively. The hydroxylation reaction is widespread in higher plants, but ketolation is restricted to a few bacteria, fungi, and some unicellular green algae. The recent cloning and characterization of beta-carotene ketolase genes in conjunction with the development of effective co-transformation strategies permitting facile co-integration of multiple transgenes in target plants provided essential resources and tools to produce ketocarotenoids in planta by genetic engineering. In this review, we discuss ketocarotenoid biosynthesis in general, and characteristics and functional properties of beta-carotene ketolases in particular. We also describe examples of ketocarotenoid engineering in plants and we conclude by discussing strategies to efficiently convert beta-carotene to astaxanthin in transgenic plants.